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AN EVALUATION OF CERTAIN AGRICULTURAL

FORECAST PARAMETERS

by

Kenneth A. Wigner
National Weather Service Forecast Office
~Lubbock, Texas

INTRODUCT ION

Forecasters at WSFO, Lubbock routinely prepare agricultural forecasts twice
dally, in the early morning and late afternoon. These include predictions of
max[mum and minimum relative humiditles (RH} and amount (percentage) of possible
sunshline (SS), All RH forecasts are for |2-hour periods: |2GMT (Q0GMT) to .
Q0GMT (12GMT) for a morning (afternoon) [ssuance time. In the morning forecast
package RH Is forecast for three periods while In the afterncon this extends
through four perlods, beginning wlth the maximum expected (tonlght) and ending
with the minimum for the "day after tomorrow." The morning forecast for SS
Includes "today" and fomorrow" while In the afternocon the predictions are for
"tomorrow"! and the "day after tomorrow."

Although verlification has been performed on some other forecast elements -
's.q., temperature and precipitation - no comprehensive, on-going scheme has
exlsted for RH and SS. |t |Is the purpose of this paper to document forecast
performance on these parameters for the calendar year 1975,

- The agrlicultural forecasts are con-
' sidered valid for a South Plains
area comprising 28 counties and
covering about 22,000 square miles
{(sea Figure |}. The actual values
used for verlflcation were Those
observed at Lubbock. Admittedly,
verifylng area-type forecasts

with point observations |ntroduces
possible ambigulties; but these

were the ones available, and con-
sidering that Lubbock is centrally
located and a substantial data
sample was at hand the llkely degree
of representativeness was deemed
acceptable.

Figure |. Area {(hatched) for which
agricultural forecasts consldered

valid.




VERIFICATION METHODS AND RESULTS

The forecasts were evaluated by two methods. The first was devised on-station
in an effort to obtain useful results; It Is used for individual forecasters
as well as for the office product. The second method employs a more conven-
tlonal approach, with contingency tables yielding bias, percent correct, etc.;
it is used only for overall staff performance.

Tables 1-6 exhibit the results from the first method. Al! forecasts during
1975 for both RH and SS were in terms of deciles - i.e., 10-20%, 20~30%, etc.
For the purposes of this method of verification each forecast was assigned
the central value of the decile - e.g., 60-70% = 65%. A positive (negative)
arror will be taken to mean that the forecast value was greater (tess) than
the verifying observation. For instance, a SS forecast of, say, 40-50%

(= 45%) of posslible sunshine versus an observed 73% would yield a negative
error of 73-45 = 28,

As seen In the tables, posltive and negative errors were accumulated separately
and Jointly for both elements and average absolute errors were computed for all
stratifications of the forecasts. The average algebraic error is also included
to provide a measure of the tendency to over- or underforecas+t. An interesting
sidelight not apparent In the tables was the relatively pronounced tendency of
forecasters with long experience in the South Plains area to forecast too much
sunshine and too |1ttle moisture. Note in Tables | and 4 that individuals are
Identiflied by number and ranked by average absolute error for RH and S5 sepa-
rately. Therefore, forecaster No., | for RH is not necessarily No. | in the

SS ranking.

Results of the contingency table method of verification are summarized in
Tabies 7-10 and an example contingency fable is shown in Appendix A. Appendix
B explains the computation procedure for the skill scores, etc.

Relative Humldlty

Table 2 shows staff performance on a monthly basis. The average absolute
errors range from about 8 to 15 percent, with the overall tendency being dis-
tinctly toward forecasting RH too low {(negative algebraic error). The fore-
casts were also analyzed by period and a summary for the year is shown in
Table 3. Not unexpectedly, a systematic Increase in average absclute error
with increasing lead time was revealed - this is also reflected in Table 7
where decreasing skill scores are found. Table 7 also indicates that skill

is very high at forecasting within one category of the verlfying decile; i.e.,
large misses are infrequent. There does not appear ito be a significant dif-
ference in staff ability to forecast a maximum or minimum RH.

Blas-by-category and average bias for each forecast period is shown in Table
8. Recall that a blas of .00 means that the category was forecast the same
number of flimes that it was obsaerved (not necessarily concurrentiy) and that
values greater (less) than [.00 Indicate positive (negative) bias; i.e., the
category was forecast more often (less often) than observed. Also, average

absolute error by period on a monthly basis 1s depicted in Figures 2a and 2b.



Sunshine

55 Is somewhat more difficult fto forecast than is RH. Relatively, however,

average absolute errors are generally lower during the warm season {as with
RH), due largely fto more persistent conditions. Average station errors for
the year ranged from about !l to 25 percent (see Table 5). On an annual
basis, as seen in Tables 5 and 10, there is a distlnct overall positive bias
in SS forecasts - l.e., a tendency to forecast too much sunshine, Tables 6
and 9 refiect in two ways the expected decrease of skil] with |ead fime.
Note That average errors (skill scores) are higher (lower) for the second
period than for the first for both morning and evening forecasts. Recall
also that Perlcd | for the evening forecast has a longer lead time than

does Perlod | for the mornling forecast.

Though not included here, the contingency tables from which the data in
Tables 9 and 10 were derived made 1t evident that forecasters were qulte
refuctant to predict extremes of S5. There were few forecasts of less than
|0% or greater than 90%.

Figures 3a and 3b depict average absolufe error by period on a monthly basis.

SUMMARY AND CONCLUSIONS

A scheme for verifying forecasts of SS and RH has been devised and utilized
on data for the calendar year [975. The lower average errors occurred,

as might be expected, during the warm season when weather conditions were
more perslstent., The more difficult of the two parameters to forecast
successful |y proved to be SS, which Is essentially a forecast of cloudiness.
A blas toward forecasting too dry and too sunny was identified.

[dentlification of Individual blases should prove helpful to forecasters in
Improving these products. An expanded data sample may show other tendencies,
hence this project will continue. A possible conclusion from the magnitude
of the veriflication statistics 1s that more objective methods need to be
developed to provide guidance for forecasts of S§S and RH. Means for such
development are presently being examined. ‘
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Number Cumulative Cumulative Total Average Average
Forecaster of Positive Negative Absolute Absolute Algebraic
Number Forecasts Error Error Error Error Error
1 113 424 546 970 8.6 -1.1
2 336 1864 1318 3182 9.5 1.6
3 306 1430 1461 2941 9.6 0.1
4 303 1154 1834 2988 9.9 -2,2
5 318 976 2165 3141 9.9 -3.7
6 112 575 601 1176 10.5 -0.2
7 145 650 902 1552 ‘ 10.7 -1.7
8 355 1904 2082 3986 11.2 ~0.5
9 141 602 1008 1610 11.4 -2.9
10 121 557 854 1411 1.7 -2.5
11 133 767 881 1557 11,7 ~1.5
12 119 455 1056 1511 12.7 - «5.5
Staff 2502 11317 14708 26025 10,4 -1.4
Table 1, INDIVIDUAL FORECASTER VERIFICATION
FOR RELATIVE HUMIDITY (1975)
Number ‘Cumulative Cumulative Total Average Average
of Positive Negative Absolute Absolute Algebraic
Month Porecasts Error Error Error Error Error
January 217 1153 1530 2683 12,7 -1.7
February 196 701 1480 2181 11,3 -4,0
March 217 1357 1230 2587 11.9. g.6
April 210 1516 1560 3076 14.7 -0.2
May 214 1054 934 1988 9.3 0.6
June 210 706 1138 1844 8.8 -2.1
July 201 514 1526 2040 10.2 -5.,0
August 217 744 894 1638 7.6 -0.7
September 208 1059 656 1715 8,3 1.9
October 217 703 1061 1764 8,1 -1.7
November 210 1197 996 2193 10.4 1.0
December 185 613 1703 2316 12,5 -5.9
Year 2502 11317 14708 26025 10.4 -1.4

Table 2. RELATIVE HUMIDITY VERIFICATION (1975)




Number Cumulative Cumulative Total Average Average

of Positive Negative Absolute Absolute Algebraic
Period Forecasts Errox Error Error Error Error
MORNING
1 360 1657 1690 3347 9.3 -0.1
2 360 1102 2345 3447 9,6, -3.5
3 358 1959 2113 4072 11.4 ~0.4
EVENING
1 :'556 1183 1517 3100 8.7 -2.1
2 356 1726 1963 3689 10.4 -0.7
3 356 1629 2307 3936 11.1 -1.9
4 356 2061 2373 4434 12,5 -0.9
Year 2502 11317 14708 26025 10.4 -1.4
Table 3. RELATIVE HUMIDITY VERIFICATION BY PERIOD
Number Cunulative Cumulative Total Average Averag?
of Positive Negative  Absolute Absolute  Algebraic
Forecaster Forecasts Error Error Error Error Error
1 74 768 373 1141 15.4 5.3
2 168 2145 917 3062 18,2 7.3
3 72 843 501 1344 18.7 4.8
4 86 826 854 1680 19.5 -0.3
5 178 2514 969 3483 19,6 8.7
6 172 2038 1445 3483 . 20.3 3.5
7 186 1497 2326 3823 20.6 -4.5
8 190 1696 2234 3930 20.7 -2.8
9 68 1004 403 1407 20.7 8.8
10 g0 967 1010 1977 22.0 -0.5
11 76 1067 613 1680 22.1 .Q
12 80 1304 558 1862 23.3 .3
Staff 1440 16669 12203 28872 20,1 3.1

Table 4. INDIVIDUAL FORECASTER VERIFICATION
FOR SUNSHINE (1975)




Number Cumulative Cumulative Total Average Average

of Positive Negative Absolute Absolute Algebraic

Month Porecasts Error Error Error Error Error
January 124 1787 1215 3002 24.2 4.6
February 112 1356 1486 2842 25.4 -1.2
March 124 1428 1705 3133 25,3 -2,2
April 120 1507 1286 2793 23.3 1.8
May 124 1258 930 2138 17.7 2.7
June 120 1382 695 2077 ‘ 17.3 5.7
July 122 2231 720 2951 24,2 12.4
August 124 1210 881 2081 16.9 2.7
September 120 835 1133 1968 16.4 -2.5
October 124 778 614 1392 11.2 1.3
November 118 1226 1002 2228 18.9 i.9
December 108 1671 536 2207 20.4 10.5

Year 1440 16669 12203 28872 20,1 3.1

Table 5. SUNSHINE VERIFICATION {1575)

Number Cumulative Cumulative Total Average Average
of Positive Negative Absolute Absolute Algebraic
Period Forecasts Error Error Error Error Error
MORNING
1 364 3383 2471 5824 16.0 2.4
2 364 4346 3149 7495 20.6 3.3
EVENING
I 356 4093 2987 7080 19.9 3.1
2 356 4877 3596 8473 . 23.8
Year 1440 16669 12203 28872 20.1 3.1

Table 6. SUNSHINE VERIFICATION BY PERIOD




Period Number R C s R1 C1 S1
MORNING

1 360 143 40 .24 294 82 .77

360 130 36 .18 284 79 .73

3 358 113 32 .13 264 74 .67
EVENING

1 356 143 40 .23 297 83 .78

2 356 124 35 .18 279 78 .73

3 356 114 32 .12 266 75 .67

4 356 103 29 .10 256 72 .65

ANNUAL 2502 870 35 .17 1976 79 .73

Table 7. RELATIVE HUMIDITY VBRIFICATION (R indicates the
number of forecasts falling within the correct
decile, € is the percent of correct forecasts and
S is the skill score., The addition of the subscript
1 indicates the inclusion of forecasts being within
one category of the correct decile.)

Period 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-B0 81-90 91-100 Average

MORNING

1 .21 .96 .31 1.07 1.31 .84 .77 .25 1.00 * .78
2 i * * .78 1,13 1.42  1.69 1.44 .78 .41 77
3 12 .93 1.49 1,01 1.24 .68 .62 .45 .67 * .72
BVENING

1 * * .50 .67 .44 1.74 1.31 1.19 .98 .56 .74
2 .08 1.19 1.25 L9600 1,27 .83 .92 .45 * * .70
3 * * .50 .63 40 1,20 1.56  1.36 .93 .49 .66
4 12 01.03 1,30 1.14 1.22 .67 77 .18 .33 * .60

Table 8. RELATIVE HUMIDITY: BIAS-BY-CATEGORY AND AVERAGE BIAS
(*indicates not forecast, not observed, or neither)




Period Number R C S R1 Cl S1
MORNING 364 140 38 .23 223 61 .51
1 364 113 31 .15 197 54 .43
2
EVENING
1 356 129 36 .20 209 59 .48
2 356 77 22 .05 163 46 .34
ANNUAL 1440 459 32 .16 792 55 .44
Table 9. SUNSHINE VERIFICATION (R indicates the number

of forecasts falling within the correct decile,
C is the percent of correct forecasts and 3 is
the skill score. The addition of the subscript
1 indicates the inclusion of forecasts being
within one category of the correct decile,)}

Period 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90

91-100 Average

MORNING

1 ey .38 2,00 .80 1,54 1l.14 1,11 1,74 1.15 .87 1.11

2 24 .23 .57 L.47 1,15 .86 1,69 1.78 1.46 .76 1.02

EVENING

1 .36 * 1.29 .88 1,69 .95 1.64  1.26 1.59 .81 1.16

2 .15 .25 .86 1,14 1,07 1.00 1.77 1.85 1.86 .63 1.06
Table 10. SUNSHINE: BIAS-BY-CATEGORY AND AVERAGE BIAS

(*indicates not forecast, not observed, or neither}
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FORECAST

. Appendix A

OBSERVED

0-10

0-10 4 1

11-20 15 42 14 4

21-30 4 27 49 32

31-40 7 24 37 12
41-50 1 2 5 10 5
51-60 1 1

61-70 1

71-80

81-590

91-100
Total 24 78 95 84 26

11-20 21-30 31-40 41-50 51-60 61-70 71-80

81-90 91-100 Total
5
75
124
80
34
16
3 10

=P N N
LAV T R

360
Grand
' Total

19 13 12 3 6

Example contingency table --

RH:

1st period, morning forecast

Appendix B

Development of Skill Score.

After Panofsky and Brier the expected number of correct forecasts based
on chance (Ep) is computed from the following formula:

= ZRiCs

Eg
T

where Ry is the total of the i-th row and C; 1s the total for the i-th

column and T

5 X 24 = 120 By
78 X 75 = 5850
95 X 124 = 11780 R
84 .X 90 = 7560
26 X 34 = 884 S
19 X 16 = 304
13 X 10 = 130
12 X = 36
3 X = 9 S
26673
When we include one category either
Ry=294 s e ZOCThr .

Also, percent correct forecasts:

—_— =

Bias = Number Forecast

~11-

40% c

is the grand total. In my example:

_ 26673

360 74.1

= Number of correct forecasts
= 143

= Skill Score

= R-E 143 - 74.1

360 - 74.1

R =
T - ER

= 24

side of correct
77

= = = 82%

Number Observed (for each category)
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COMPUTERIZED VERIFICATION OF

FIRE WEATHER FORECASTS

by

Donald L., Ocker
National Weather Service Forecast Office
Albuguerque, New Mexlco

INTRODUCT tON

When the Inferactive Real-Time Information System (IRIS)* became available
at WSFO, Albuguerque, one of the first tasks selected for computer appli-
cation was fire weather forecast veriflcation. Computer capability at
Albuquerque seemed to present a way to alleviate the tedious data com-
pllation and repetitive calculations which are Involved in veriflication
and are a deterrent to comprehensive verification. However, computers
usually accomplish only half the job since data compilation and eniry

must still be performed manually in most cases. Use of computer-generated
elght-level paper teletype tapes of fire weather observations and fore-
casts has solved the hand labor problem. Verification has been accom-
plished with most data reductlion, compllation and input done by machine.
Also, the data file utllized by the verification program can be used for
other jobs.

The Fire Weather System

Weather observations are taken daily by fire contreol personnel for the
calculation of fire danger using the National Fire Danger Rating System.

The system produces various indlces relating to fire occurrence and behavior,
and which are required for fire control. |In addition, forecast indices

are calculated uslng 24-hour weather forecasts supplied by the National
Weather Service (NWS).

These forecast Indices are used for planning and staffing for the following
day.

In recent years, the fire danger calculations have been made by computer
using a U. S. Forest Service program called Administrative and Forest Fire
Retrieval and Management System (AFF|IRMS). AFFIRMS is available to Forest
Service authorized users of the General Electric time-share computer system.

Daily observations from various locations are entered info AFFIRMS by fire
control personnel, who subsequently obtain a display of observed flre danger
Indlices. At most NWS offices, the forecaster enters AFFIRMS 1o cobtalin a
display of all observations in his area of interest. Twenty-four hour
weather forecasts are then prepared by the forecaster and entered into
AFFIRMS. This makes 24-hour forecasts of fire danger indices available

to fire control personnel when they again enter AFFIRMS and obtaln a display.

¥IRIS is a mini-computer system maintained by the Offlice of Technical Ser-
vices at National Weather Service Headquarters. The Southern Region uses
this system for local and regional studies through time-share terminals.
Programming is done in the BASIC language.



System Modifications in the Southwest

Fire control agencies in Arizona and New Mexico use a slightiy different
system. A teletype circult using Model 33 ASR Teletypewriters links all
control agencies with the WSFOs in Albuquerque and Phoenix. ASR-33s are
used because they employ 8-level ASCI! code which Is compatible with most
computer systems, Weather observatlions from locations In Arizona and

New Mexlico are transmitted via teletype to the Forest Service Regional
Office In Albuquerque. There the observations are reperforated and
enftered into AFFIRMS. A display of observed fire danger indices is then
requested from AFFIRMS, reperforated and transmitted fo field offices via
teletype. NWS forecasters use the original teletype observations to pre-
pare forecasts which are fransmitted via teletype fo the Forest Service
Regional Office for entry into AFFIRMS, A display of forest fire danger
indices is then requested, reperforated and transmitted to field offices.

Although complete AFFIRMS weather displays are not avallable using the
teletype system, displays of the flre danger indices include observed

and forecast values of temperature, relative humidity and wind speed --
The primary variables required for fire weather forecast verification.
Therefore, eight~level paper tapes containing all needed verification

data are avallable via teletype or from the Forest Service Regional Offlice.
All that is needed fto use the data Is an IRIS program 1o input the AFFIRMS
tape, extract needed data and store the data in a verification file,

The Data Reduction Program

An RIS program has been prepared which inputs the AFFIRMS tape line by
{Tne while writing Into a work flle. The display heading is located and
the date and data-type (forecast or observation) is determined. The line
of data for the first station Is then located and values of femperature,
relative humidity, wind speed, |0-hour timelag fue!l molsture (10HR) and
energy release compenent are extracted. Although not a weather variable,
IOHR fs included for verification since It Is weather-related and thereby
forecast directly or indirectly. Energy release component is dependent
upon several varlables; the most changeable is weather. Therefore, it Is
Included as a possible check of overall forecast quality.

The program substitutes a recognizable constant if data for a particular
station are not located. Also, routines are included to detect and correct
garbled headings and 1o recognize forecasts under a heading for one month
but valid for the first day of the following month. After needed values
are extracted for each of the 22 flre danger stations in New Mexico, the
data are stored In a verlficatlion file.

The verification file conslsts of 32 records, one for each day of the month
plus an extra for the observed data of the last day of the previous month
(needed fo calculate observed 24-hour variability). Each record contains
forecast values valld for the day, cobserved values for the day and a fore-
caster number which is added through use of another program,



The final result is a file consisting of both forecast and observed values
of flve variables for each day of the month. That is a tofal of up to

6851 Individual values, all for the minimum effort required to run 62 paper
fapes through the IRIS ferminal.

File Uses

A verification program uses the file fto verify each of the five variables.
Ver|fication results are produced for each Individual fire danger station,

for each of eight flre weather zones which contain groups of stations, and

for all stations combined. Results are also produced for each Individual
forecaster. Results are by month and for the season to date. The verification
consists of absolute error, bias, 24-hour variability and percent Improve-

ment over 24-hour variability (improvement over no forecast).

Although the data file was created as a verification data base, It Is alsc
valuable as a source of dependent samples to be used by a screening regres-
sion program.

RESULTS

Speclfic results are not presented here due to the very limited amount of
data presently available. But previous AFFIRMS forecasts of |OHR have been
unsatisfactory. Thls program uses a routine to calculate forecast I0HR

from several forecast weather parameters, while observed [0OHR is determined
by weighlng a set of half-inch ponderosa pine sticks (observed weight 1Is
compared with oven-dry welght to obtain percentage of moisture). Calculated
forecasts of [OHR have not compared favorably with observed I10HR, either
because of the AFFIRMS method or because of poor forecasts of the weather
varlables. This has led to development of a method for forecasting IOHR
directly.

A screenlng regresslon program stored in IRIS was employed. to relate
cbserved I0HR o varicus observed and forecast meteoroliogical parameters.
Results thus far have been Inconcluslve since only mid-summer data have
been examined. Better correlations may be found during the late spring

and early summer fire season when large-scale changes should outweigh local.
effects.,






